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FOREWORD 


This  report  provides  a  detailed  description  of  the  Soviet  beryllium 
Physics  Reactor  (BRF),  which  was  designed  to  investigate  the 
possibility  of  using  beryllium  as  a  neutron  moderator  in  nuclear 
reactors.  Background  information,  general  construction  and  con¬ 
trol  details,  and  the  physical  parameters  obtained  for  the  reactor 
are  presented.  The  report  has  been  prepared  in  conformance  with 
AID  Work  Assignment  No.  16,  and  is  based  on  Soviet  open  literature 
available  at  the  Aerospace  Information  Division  and  the  Library  of 
Congress.  Any  further  information  concerning  this  reactor  will  be 
published  in  the  form  of  supplements  to  this  report,  as  soon  as  it 
becomes  available,  A  list  of  the  references  cited  accompanies  the 
text.  Library  of  Congress  call  numbers  are  included  at  the  end  of 
the  source  entry  when  the  source  is  available  at  the  Library  of  Congress. 


THE  BRF  REACTOR 


1.  Background 

In  addition  to  graphite  and  heavy  and  light  water,  it  should  also  be 
possible  to  use  beryllium  as  a  neutron  moderator  in  nuclear  reactors, 

In  order  to  study  the  physical  parameters  of  a  reactor  having  a 
beryllium  moderator,  a  Beryllium  Physics  Reactor  (BRF)  with  a  beryllium- 
metal  moderator  was  put  into  operation  in  1954  at  the  Atomic  Electric  Station 
of  the  Academy  of  Sciences  USSR.  [1] 

The  objectives  of  the  study  included  the  determination  of  experimental 
values  of  critical  masses  and  lattice  multiplication  parameters,  investigation  of 
the  extent  to  which  the  Be^(n,  2n)Be*  reaction  contributes  to  the  magnitude  of 
the  effective  multiplication  factor,  and  a  study  of  the  effect  on  the  reactor  kinetics 
of  delayed  photoneutrons  formed  in  the  reaction  Be^(T,  n)Be®,  The  results  ob¬ 
tained  provided  information  which  can  be  useful  for  improving  design  methods  for 
small  reactors  with  beryllium  moderators.  [2] 

2,  General  Construction^ 

The  core  of  the  BRF  is  made  of  beryllium  blocks  measuring  160  mm  x 
160  mm  X  40  mm  each,  which  form  a  cylinder  960  mm  high  and  1040  mm  in  diame¬ 
ter,  having  a  total  weight  of  1200  kg,  [1]  This  beryllium  cylinder  is  mounted  on  a 
thin  steel  plate  1.  5  m  above  the  floor  in  the  center  of  a  large  laboratory  hall.  This 
made  it  possible  to  eliminate  the  effect  of  scattered  neutrons  when  critical  assem¬ 
blies  without  a  reflector  were  being  studied.  [2]  The  density  of  the  beryllium  is 
1.  78  g/cm’.  The  core  has  vertical  channels  which  form  a  rectangular  lattice  with 
107  X  64  mm  pitch.  There  is  a  channel  17  mm  in  diameter  in  the  center  of  each 
elementary  cell.  This  central  channel  is  surrounded  by  six  channels  14.  5  mm  in 
diameter,  arranged  on  a  circle  with  a  20  mm  radius.  In  addition,  the  core  con¬ 
tains  108  horizontal  channels  31  mm  in  diameter.  [1] 

The  fuel  elements  are  of  the  tubular  type.  The  annulus  of  each  fuel 
element  is  formed  by  two  thin-walled  coaxial  steel  tubes,  13.  4  x  0.  2  mm  and 
9.  0  X  0.  4  mm  in  diameter,  which  are  filled  to  a  height  of  960  mm  with  10%  en¬ 
riched  UjC^  powder.  Each  fuel  element  contains  2.  4  g  of  UjOj.  The  central 
channels  and  the  space  inside  the  inner  tubes  of  the  fuel  elements  are  used  to 
study  the  effect  of  water  on  the  multiplication  parameters  of  the  reacto' .  ' ' 

■“■No  illustrative  material  could  be  found. 
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3.  Control 


The  control  of  the  reactor  is  accomplished  by  means  of  two  cadmium 
rods  8.  2  mm  in  diameter  and  960  mm  long.  The  reactor  is  also  equipped  with 
eight  cadmium  safety  rods  of  the  same  dimensions,  [1] 

The  activity  level  in  the  reactor  is  monitored  by  boron  proportional 
counters  and  ionization  chambers.  A  concrete  wall  1  m  thick  protects  the  per¬ 
sonnel  from  radiation.  [1] 


4,  Physical  Parameters 


Investigations  of  Critical  Masses 

Because  of  the  dimensions  of  the  beryllium  cylinders  and  the  use  of 
the  above  described  fuel  elements,  dimensions  and  critical  mass  values  could 
only  be  obtained  foi:  those  assemblies  in  which  the  numerical  ratio  of  Be  nuclei 
to  U®’* nuclei  (Cgg/C^)  was  in  the  range  from  1777  to  3112.  [2] 

Critical  experiments  were  conducted  for  this  range  of  concentrations, 
using  the  following  three  variants  of  critical  assemblies:  1)  with  no  water  in 
either  core  or  reflector;  2)  with  water  in  the  fuel  elements  only  (in  which  case 
the  number  of  H  nuclei  per  U*’*nucleus  was  constant  and  equal  to  76);  and  3)  with 
water  in  both  the  fuel  elements  and  the  horizontal  channels.  The  water  in  the 
horizontal  channels  was  contained  in  aluminum  tubes  30  x  1  mm  in  diameter,  [2] 

The  numerical  ratio  of  Be  nuclei  to  H  nuclei  varied  somewhat  (from  7,  8 
to  11)  as  CBe/C5  changed  from  3112  to  2080. 

The  critical  assemblies  were  studied  without  any  reflector,  with  a 
beryllium  reflector,  and  with  a  reflector  composed  of  a  heryllium  and  water  mix¬ 
ture.  [2] 


The  dependence  of  critical  mass  on  Cgg/Cg  for  all  three  types  of  non- 
reflected  critical  assemblies  is  shown  in  Fig.  1.  The  experimental  results  indi¬ 
cate  that  in  the  case  of  a  thermal  reactor,  ratios  of  K.  3112  are  not  optimal 

with  regard  to  critical  mass.  Thus,  when  an  additional  water  reflector  was  intro¬ 
duced  into  the  core  of  the  thermal  reactor,  the  critical  masses  were  sharply  reduced 
(curves  2  and  3,  Fig,  1),  [2] 


Figure  2  shows  the  dependence  of  the  critical  dimensions  of  nonreflected 
assemblies  on  the  CBe/C5  ratios.  The  dimensions  are  expressed  in  terms  of  a 
geometrical  (buckling)  parameter,  h  ,  computed  from  the  expression 


,  _  r  *.«05 
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where  R  is  the  radius  of  the  nonreflected  critical  assembly  (constant  and  equal  to 
52  cm)  for  all  assemblies,  h  is  the  height  of  the  critical  assembly  (variable),  and 
X  is  the  transport  mean  free  path  for  neutrons.  [2] 


Mcr  [kg  u235]  h2,[ob-5] 


Fig.  1.  Dependence  of  fig.  2.  Dependence  ^  geo- 

eritieal  Bass  on  fbr  netrleal  paraaeter  on 

nonreflected.  assemblies  of  0^/C^  for  nonreflected 

types  1,  2,  end  3  [2]  cHtleal  assei^lles  of  types 

1,  2,  and  5  [2] 


The  critical  masses  and  dimensions  of  the  assemblies  were  also  de¬ 
termined  for  the  same  values  of  but  this  time  with  the  addition  of  reflec¬ 

tors  made  of  beryllium  and  a  beryllium  and  water  mixture.  In  this  case  the  reac¬ 
tor's  height  h  was  constant  and  equal  to  96  cm, 

ILp  [  while  the  radius  of  the  core  varied.  The  radius  of 

yp...  - , — ^ — I — — . — , — .  ^  ^  ^  the  beryllium  cylinder  was  constant  and  equal  to 

52  cm.  Despite  the  fact  that  reflector  thickness 
varied  with  the  value  of  C0g/C5,  the  efficiency  of 
the  beryllium  and  of  the  beryllium  and  water  reflec¬ 
tors  could  be  experimentally  evaluated.  (2) 

The  dependence  of  critical  mass  (Mcr)  on 

j— ! - ^  - the  values  of  Cgg/Cg  is  shown  for  assemblies  of 

— j - - — , — _ — , - -  types  1,  2,  and  3  with  reflectors  in  Fig.  '!,  It  is 

'  “i”* — i — - ^ — -J  noteworthy  that  the  water  in  the  horizontal  channels 

Koo  '  'mx'  reduces  the  efficiency  of  the  reflectors,  which  in 

CB./C5  turn  causes  a  slight  increase  in  the  critical  mass  of 


the  corresponding  assembly  (curve  3,  Fig.  3), 
fig.  9.  Dspsndanee  of  erlt-  Further  experimental  results  are  given  in  Tables  1, 
leal  aass  oa  C^/Cc  far  aosaa-  2,  3,  and  4  on  the  next  two  pages.  [2]  [Text  re- 
bUos  of  types  1,  2,  and  9  sumes  on  p.  6.j 

vith  reflsetors  [2] 
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TaU*  1.  BaMlts  of  •xvtzijmital  datandnatloii  of  roflaetor  wflnga  12J 

S  -  rodloa  of  erltleol  osooiAily  vltboot  xofloetor}  d  -  zofloetor  thleloMot; 

6>  rofloetor  soTlat 


n 


Critical  Maodilj 
type  1,  CB 


Critical  aaaartiiy 
type  2,  c* 


Critical  d88aal>ly 
type  5»  CB 


36.5  15.5  U.7 

37.5  U.5  13. V 

11.6  11.1 


26.2  25.8  15.5 
28.V  25.6  15.0 

31.5  20.5  15.7 


26.8  25.2  12.1 
28.2  25.6  13.0 
35.7  18.5  12.3 


Table  2.  Critical  aaaaea  for  rarioua  coObioationa  of  reactor  paraaetert 
(apertiKoa  in  beryllltot  cylinder  filled  with  gzaphite  alnga;  ead  raflectora 
abaent)  [2] 

Cc  -  berylUoB  and  water  nlxtore. 


of  aide 
reflectox 

CB 


Radiua 

of 

core. 

Cpitical 

1 

CBe/C5 

Cc/C5 

Height  of 
reactor, 

CB 

CB 

40.4 

5.46 

5112 

463 

96 

52.0 

8.78 

5112 

465 

00 

37.5 

5.86 

2486 

337 

6 

52.0 

10.70 

2486 

537 

68 

36.5 

6.66 

2075 

355 

96 

52.0 

11.70 

2075 

255 

89 

37.6 

8,26 

! 

1777 

115 

96 

TAle  3.  Critical  ■assei  fbr  rarloaa  coiiblnatloos  of  reactor  paxaMtan 
(aperbotes  In  berylUva  epllnder  filled  vlth  graphite  8la«;  central  tobea 
of  fuel  eleaanta  filled  vlth  vater;  end  refleetora  abaeat)  [?] 

Og  -  hjrdrogen  nnelel. 


ioiAwr  of 

Thlekneaa 

- 

Ce/e, 

Cb/Cj 

■allht  of 

fuel  ele- 

of  elde 

of 

'b./'S 

rieaetor, 

itenta  per 

reflector. 

m 

CB 

cell 

CB 

nn 

4 

20.5 

31.5 

1  5.31 

5112 

401 

72 

96 

4 

0 

52.0 

:  7.3 

3112 

401 

72 

74 

5 

25.6 

26.4 

3.36 

2486 

275 

72 

96 

5 

0 

52.0 

8.16 

2486 

275 

73 

4f 

6 

25*8 

26.2 

t  5.42 

8.30 

2075 

190 

72 

96 

6 

0 

52.0 

2075 

190 

72 

63 

7 

27.4 

24.6 

t  5.55 

1 

1777 

115 

72 

96 

Table  h*  Critical  naieaee  for  rarioua  coabinatlona  of  raactor  ^araaetera 
(apertorea  in  berylUua  cylinder  filled  vlth  graj^te  (Inge;  center  tnbea 
of  fuel  elenente  and  hoarlccntal  channela  In  beryUlua  cylinder  filled 
vlth  vater;  end  refleetora  absent)  [2] 


Htseber  of 
fuel  ele> 
Bents  per 
cell 

Thickness 
of  side 
reflector, 

CB 

Radius 

of 

core, 

CB 

Critical 

kg'uS^ 

CBe/C5 

Cc/iCj 

Ch/Cj 

Height  of 
reactor, 

CB 

4 

18.5 

/  35.7 

5.78 

5U2 

24? 

96 

4 

0 

52.0 

7.20 

5112 

242 

73-7 

5 

25.8 

26.2 

5.62 

2486 

115 

206 

96 

5 

0 

52.0 

7.55 

2486 

115 

206 

62 

6 

25.2 

26.8 

5.60 

2075 

58 

186 

96 

6 

0 

52.0 

7.51 

2075 

58 

186 

57 

7 

26.9 

25.1 

5.69 

1777 

0 

170 

96 

Determination  of  the  Multiplication  Factor 


29  S 

Measurements  were  made  to  determine  the  U  resonance  escape 
probability,  the  distribution  of  neutrons  across  the  cell,  and  the  cadmium  ratio 
(R*cd^  for  U*’*.  The  measurements  were  conducted  for  critical  assemblies  1 
and  2  with  a  ratio  of  2080.  These  measurements  made  possible  the 

evaluation  of  tne  accuracy  of  thermal  utilization  computations  and  the  determi¬ 
nation  of  neutron  multiplication  due  to  the  reaction  Be  *(n,  2n)Be*  . 

The  results  show  the  thermal  utilization  calculations  to  have  an  accuracy 
of  0.  5%,  provided  all  absorbers  are  homogeneously  mixed  throughout  the  cell,  [2] 

Resonance  escape  probability  <P  was  determined  by  measuring  the  cad¬ 
mium  ratio  for  using  a  ring  foil  placed  in  the  section  of  a  fuel  element.  [2] 

The  effect  o.  tne  Be9(n.  2n)  Be®  reaction  was  determined  by  analyzing 
the  neutron  balance  On  •'ondition  that  the  age  theory  is  valid  for  a  beryllium  re¬ 
actor,  the  following  cxpre  .sion  can  be  written  for  a  critical  reactor: 

1  +  L*x*  —  If,  (1,  »,  -t;,  «-•*«. 

where  L  ^  is  the  square  of  the  thermal  neutron  diffusion  length  in  the  core;  H*is 
buckling;  is  the  average  number  of  secondarv  neutrons  per  capture  in 

;  6  is  the  fraction  of  thermal  neutrons  absorbed  in  U**®;  9  is  the  resonance 
escape  probability;  p  is  a  factor  taking  into  account  non-fission  capture  taking 
place  in  the  and  construction  materials  in  the  intermediate  region  of  the  re¬ 
actor  neutron  spectrum;  e  is  the  multiplication  factor  (6=1);  T  is  the  age  of 
thermal  neutrons;  and  li  is  a  factor  taking  into  account  the  Bfe  ’  (n,  2n)  Be® 
reaction's  share  of  the  effective  multiplication  factor. 

Accordingly, 

• 

The  lattice  parameter  values  obtained  for  beryllium  reactors  of 
types  1  and  2  are  given  in  Table  5.  [2] 

Table  5.  Parameters  for  beryllium  reactor  lattice.  [2] 


U.  c«l 

CJll 

•*.  j  » 

1 

* 

'*ca 

1 

-'OSO  1 

2-i  1 

1^8  1 

Tyv*  1 

3,22.10-<1  O.W  1 

0,82:;  1 

2,08  1 

6.87  1 

0.08  1 

1.12 

zoso  ! 

21  1 

101  1 

Trp.  2 

4.35.10-*|  C.Oa  1 

0.8,:  ! 

2,C8  1 

7.14  1 

0.98  1 

1,10. 
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study  of  the  Effect  of  Delayed  Photoneutrons 
on  the  Kinetics  of  a  Beryllium -Moderated  Reactor 

Beryllium  has  a  low  (1.  63  Mev)  photoneutron  threshhold.  For  this  reason 
the  use  of  beryllium  as  a  moderator  in  nuclear  reactors  results  in  the  production 
of  additional  neutrons  by  the  Be^(Y,  n)  Be*  reaction.  The  hard  y  quanta  which 
cause  the  reaction  may  be  formed  by  1)  fission  of  uranium  nuclei,  2)  3  -decay 
of  some  uranium  fission  fragments,  or  3)  absorption  of  neutrons  by  construc¬ 
tional  materials.  Photoneutrons  which  are  produced  by  prompt  hard  Y  -quanta 
resulting  from  the  fission  of  uranium  nuclei  or  the  absorption  of  neutrons  by 
nuclei  of  construction  materials  behave  in  the  same  way  as  prompt  fission 
neutrons.  [2] 

Similarly,  photoneutrons  which  are  produced  by  the  interaction  of  de¬ 
layed  hard  Y-quanta  and  Be^  nuclei  behave  like  ordinary  delayed  neutrons,  from 
which  they  are  termino logically  distinguished  by  calling  them  delayed  photo - 
neutrons.  [2] 

During  constant  power  level  operations  of  the  reactor,  the  contribution 
of  delayed  neutrons  and  photoneutrons  to  the  neutron  flux  is  small;  when  the  re¬ 
actor  is  shut  down,  however,  the  contribution  of  delayed  neutrons  and  photo¬ 
neutrons  becomes  decisive  and  the  principal  determinant  of  the  presence  of 
neutrons  in  the  reactor.  [2] 

After  the  reactor  is  shut  down,  the  neutron  radiation  intensity  drops 
according  to  the  law  of  the  sum  of  exponents.  Study  of  the  curves  of  the  neutron 
intensity  decay  makes  it  possible  to  determine  the  yields  and  halflives  of  the  de¬ 
layed  neutrons  and  photoneutrons  present  in  the  reactor.  For  this  purpose,  the 
drop  in  neutron  density  was  measured  with  absorbing  rods.  The  neutron-density 
drop  curves  were  resolved  into  components  by  the  use  of  specially  developed  ana¬ 
lytical  methods.  This  was  done  twice,  once  taking  into  account  the  daughter 
nuclei,  and  once  disregarding  them.  [2] 

This  analysis  of  the  neutron-intensity  drop  curves  revealed  12  to  14  groups 
of  delayed  neutrons.  The  results  obtained  are  given  in  Tables  6  and  7,  in 
Figures  4  and  5,  and  in  Figures  6,  7,  and  8, 

Table  6  gives  data  obtained  by  resolution  of  the  curves  assuming  the 
quantum  producing  the  given  photoneutron  groups  to  be  directly  emitted  by  the 
primary  fission  fragment. 

Table  7  gives  data  obtained  taking  account  of  the  daughter  nuclei,  which 
emit  the  y  -quanta  producing  the  corresponding  photoneutron  groups.  This  table, 
supplemented  by  the  inclusion  of  the  three  most  short-lived  groups  (not  determined 
in  this  experiment),  can  be  recommended  for  reactors  of  the  type  under  study.  [2] 
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The  yields  of  the  delayed  groups  found  were  standardized  on  the  basis  of 
the  known  yield  of  an  ordinary  delayed  group  having  a  mean  life  t  =  31.  7  sec  and 
a  yield  3  =  0.00166.  [2]  [Text  resumes  on  p.  12,] 


Fig.  Beatran  IstBOStty  drop  after  stantdown  of  a  reactor  with 
Barpi  1 1  m- mimmibmt,  fhUswlBK  an  boar's  operation  at  capacity, 
■qptts*  raaatlattp  Ijrtradaand  by  abawblng  rods  ■  0.068  [2] 

1  -  aiqprlaoBMJy^datacadaad.  patata;  2  -  points  calculated  from 
IHaaabazs  of  AalspoC  narntran  grosga  dataxvlned  from  data  in 
fable  6;  3  -  pnlnta  ealevlatad  from  panaaters  of  delayed  neutron 
Croapa  dsteralnsd  feev  data  in  fable  7*  (Curre  eontinoed  in  Fig. 
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Tig,  5.  Heutron  Intezuilty  drop  curve  continued  froB  Fig.  k  {,2] 


Table  6.  Delayed  pbotoneutrona 


Oronp 

Ho. 

Naan  LlTetlna, 

^1 

Held,  Pi*  10® 

1 

^14.0  Bln 

0.0626 

2 

576.0  Bln 

0.694 

5 

279.0  Bln 

0.479 

k 

158.0  Bln 

0.894 

5 

93.0  Bin 

1.15 

6 
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Pig.  6.  neutron  Intensity  drop  after  atautdown  of  a  reactor  vlth 
IserylUvna  nodermtor,  foUovlsg  7  boora*  operation  at  capacity. 
legatlTe  reaetlrity  Introdaced  by  abaorblng  rods  ■  0.0^2  [2] 

1  -  experlaentally cdetexadned  polnta;  2  -  polnta  calculated  fr«B 
paraaatera  of  delaqpfd-  neutron  grovQpa  dateralned  frcai  Aata  In 
Table  6;  3  •  polnta  calculated  froa  paraaetera  of  delayed  neutron 
groupa  deteralned  froa  data  In  Table  7.  (Curve  eontlnoed  In  Plga. 
7  and  6) 
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Fig.  8.  neutron  intensity  drop  curve  continued  fron  Fig.  7  [2] 
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Table  7,  Delayed  photoseotrona  [2] 


nation  fragnents  de- 
taraLnlng  -Qw  glviD 
nentirOD  gre^ 

Mean  Lifetime, . 

T  1 

Tieia, 

112  b,  3.46  h 

0.054 

43.3  b,  36.1  h 

0,029 

9.67  b 

0.700 

Kr®«  —  Rb®® 

4  b,25.7  nln 

0.665 

Br  ®J  —  Kr 

80.2  see,  1.87  h 

1.53 

Se®*  —  Br®^ 

3*46  min,  47.6  adn 

0.29 

not  determined 

22.5  mn 

2.82 

not  determined 

9.4  min 

0.56 

not.  determined 

5.4  adn 

2.28 

j136 

124.0  see 

1.66 

Br  ®7 

80.3  see 

34.2 

not  determined 

43.0  see 

4.24 

J  137 

31.9  sec 

166 

not  determined 

6.5  sec 

233 

not  determined 

2.19  sec 

241 

not  determined 

0.62  see 

85 

not  determined 

0.07  sec 

25 

i 

Incorporation  of  the  short-lived  groups  (not  determined)  which  may 
be  considered  identical  to  those  in  ordinary  reactors,  gives  a  total  yield  of 
0  =  0.  0081  for  Tabl'e  6  and  0=  0.  0080  for  Table  7.  [2] 

The  total  yield  was  also  determined  from  the  sudden  drop  in  the 
intensity  of  prompt  neutrons  during  the  initial  moment  after  insertion  of  the 
absorbing  rods.  For  this  purpose. if  was  n<-‘ccssary  to  determine  the  nega¬ 
tive  reactivity  introduced,  the  counting  rates  at  the  given  p  )wer  level,  and 
the  value  of  the  sudden  neutron  intensity  drop.  Operation  of  the  reactor  at 
capacity  for  7  hours  and  the  introduction  of  a  negative  reactivity  of  p  =  0.  05  20 
resulted  in  a  yield  0  =  0.  0082,  while  a  negative  reactivity  of  p  =  0.  0G8  re¬ 
sulted  in  a  yield  0  =  0.  0083.  [2]  These  values  are  in  good  agreement  with 

the  values  (  0=  0.  0080  and  p  =  0.  0081)  obtained  by  the  resolution  of  curves 
cited  above. 


5.  Comments 


Soviet  scientists  had  already  conducted  a  number  of  investigations 
dealing  with  the  properties  of  beryllium  and  beryllium  oxides  as  neutron 
moderators  before  the  BRF  reactor  was  put  into  operation  in  1954. 

An  investigation  of  the  effective  cross-sections  for  thermal  neutron 
capture  and  the  measurement  of  slowing-down  length  and  diffusion  length  in 
beryllium,  conducted  by  A.  K.  Krasin,  I.  G.  Morozov,  L.  A.  Gerasova,  and 
O.  V.  Kanayev  from  1948  to  1952,  is  reported  in  source.  [3], 

The  results  of  this  investigation  1  e  d  to  the  following  conclusions; 

1)  Metallic  beryllium  has  a  very  small  neutron  absorption  cross-section 

2)- 10"^  cm*. 

2)  The  mass  production  of  high  purity  beryllium  (having  total  impurities 

of  less  than  1  mbarn  per  beryllium  nucleus)  presents  serious  technological  diffi¬ 
culties.  However,  beryllium  with  total  impurities  of  2  to  3  mbarn  per  nucleus 
can  be  produced  in  large  quantities.  This  beryllium  has  an  absorption  cross- 
section  *  (9.  0  +  1.  2)- 10"*^  cm*  and  can  be  used  in  thermal  reactors.  [3] 

The  problem  of  the  practical  use  of  beryllium  in  the  construction  of  an 
actual  reactor  can  only  be  solved  after  completion  of  the  study  of  the  physico- 
mechanical  and  corrosive  properties  of  beryllium  under  conditions  similar  to 
actual  reactor  operating  conditions.  (3] 
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